Introduction {#s1}
============

Chronic obstructive pulmonary disease (COPD) is receiving increased attention because it has risen as a cause of morbidity and mortality in the world. Currently, it is the third most important noncommunicable disease, accounting for 5.3% of all deaths worldwide \[[@C1]\]. Paralleling its increased importance, the output of literature addressing the genetics, pathophysiology, natural history, clinical manifestations and therapeutic approaches of COPD have multiplied, reaching a total of over 15 000 citations in PubMed for 2016 alone. Many of the old concepts have been revised and central to this is the general acceptance that COPD is not just one single entity, but rather a complex and heterogeneous one that may result from different causative agents that run different clinical courses and may benefit from some common therapies, but may require different individual approaches to improve outcomes \[[@C2], [@C3]\]. Thus, current knowledge points to COPD to be more of a syndrome than a single disease.

This review argues that our current understanding of the causes resulting in "COPD" have to be somehow incorporated into its definition and taxonomy if we are to achieve the goal of implementing personalised therapy for these patients \[[@C4]\]. We do not address the controversial subject of the specific spirometric threshold needed to diagnose pathological airflow limitation because it does not influence the taxonomic definitions proposed.

COPD: disease or syndrome? {#s2}
==========================

According to S[cadding]{.smallcaps} \[[@C5]\], diseases can be defined by four characteristics that often follow in sequence: 1) clinical description (syndrome), 2) disorder of structure (morbid anatomy), 3) disorder of function (pathophysiology) and 4) causation (aetiology). At first glance, the term COPD fulfils them all. First, it is a syndrome, as defined by the presence of some cardinal symptoms (dyspnoea, cough and sputum production) \[[@C1]\]. Second, it has a characteristic morbid pathology, including abnormal remodelling of airways structure (narrowing of the lumen, increase in size of mucosal glands, cellular infiltrates in small and large airways, and actual deposition of peribronchial fibrous tissue), destruction of the parenchyma (emphysema) and compromise of the vessels responsible for blood perfusion \[[@C6]\]. Third, the presence of poorly reversible airflow limitation, as measured by the forced expiratory volume in 1 s/forced vital capacity ratio, is a core pathophysiological characteristic of the current COPD definition \[[@C1]\]. Finally, epidemiological and clinical studies have shown that COPD has different causative agents, including genetic abnormalities (*e.g.* α~1~-antitrypsin deficiency), cigarette smoke, exposure to biomass fuels, past infection of the lung, history of asthma and abnormal lung development \[[@C1]\]. In addition, population studies have shown that in a minority, but still sizeable proportion of spirometrically detected cases of COPD, no causative agent can be identified \[[@C7], [@C8]\].

Recent studies, however, question some of these traditional concepts. For instance, some subjects experience symptoms that are similar, if not identical, to those of patients with COPD (including episodes of "exacerbation") but fail to have abnormal spirometry \[[@C9], [@C10]\]. Likewise, before the advent of computed tomography (CT), only a careful pathological organ examination was able to detect the presence of emphysema, whereas now CT can identify and quantify *in vivo* and noninvasively the structural changes of emphysema and/or the presence of airways abnormalities, despite the absence of airflow limitation \[[@C11], [@C12]\]. It seems, therefore, that the "defining characteristic" of COPD (airflow limitation) does not always accompany the presence of the "characteristic" symptoms and/or morbid pathology of the disease. There exists overwhelming evidence that most cases of COPD in the developed world relate to the smoking of cigarettes. As less developed societies evolve, the smoking habit increases in prevalence, and its importance as a defined and preventable cause of the disease needs to be emphasised. However, the definition of the disease has narrowly been used as synonymous with cigarette smoking, thus creating a degree of confusion that should not exist as many individuals with the syndrome have never smoked \[[@C7], [@C8], [@C13], [@C14]\].

So, is COPD a disease or a syndrome? According to the arguments discussed earlier, COPD clearly is a syndrome, as defined by a set of medical signs and symptoms that are correlated with each other without necessarily tying them to a single identifiable pathogenesis. However, in his very thoughtful discussion about the meaning of disease, syndrome or clinical entity, S[cadding]{.smallcaps} \[[@C5]\] concluded that it really makes no major difference to use either, as long as an agreed term is accepted and shared by the medical community. Thus, given that the term COPD is now finally well known and accepted, and does convey a description of its main clinicophysiological characteristics, we would propose: 1) a minimal change in its name from chronic obstructive pulmonary "disease", where it seems to refer to one single entity, to chronic obstructive pulmonary "diseases" (just adding the "s"), a change that would allow alignment of the accepted terminology while expanding the reality to include the currently known and also the future defined causes of COPD \[[@C15]\], and 2) the following new definition:"COPDs is a clinical syndrome characterised by chronic respiratory symptoms, structural pulmonary abnormalities and/or lung function impairment that results from the interaction of different environmental and genetic factors."

The type and proportion of respiratory symptoms (breathlessness, cough, sputum production, wheezing and chest tightness), structural pulmonary abnormalities (airway and pulmonary vessels remodelling, emphysema and bronchiectasis) and/or lung function abnormalities (airflow limitation, bronchial hyperresponsiveness, gas trapping and increased lung volumes, low diffusion capacity, and abnormal pulmonary gas exchange) vary greatly both between patients and within the same patient over time, hence making COPDs both heterogeneous and complex \[[@C16]\]. These pulmonary abnormalities are often accompanied by extrapulmonary concomitant diseases (cardiovascular, diabetes, skeletal muscle dysfunction, osteoporosis, lung cancer, depression and anxiety) that also contribute to the clinical presentation, therapeutic needs and prognosis of these patients \[[@C17], [@C18]\]. Finally, and importantly, COPDs result from the interaction of several environmental exposures (active and passive smoking, indoor cooking, workplace exposures, ambient pollution, and infections) and genetic factors (α~1~-antitrypsin deficiency and others still not entirely defined) that, depending on the timing of the interaction(s), can cause abnormal lung development and/or accelerate the decline of lung function that occurs physiologically with ageing.

An improved taxonomy proposal {#s3}
=============================

Taxonomy is the area of science dedicated to classification \[[@C19], [@C20]\]. The current taxonomy of human diseases is still based on the paradigm first proposed by Sir William Osler at the end of the 19th century \[[@C21]\]. The so-called Oslerian paradigm classifies human diseases on the basis of the principal organ system in which symptoms and signs are manifested, and in which gross anatomical pathology and histopathology are correlated \[[@C22]\]. This taxonomy has been extremely useful for clinical practice because it considers a limited number of recognisable patterns of signs and symptoms that may not have a single identifiable pathogenetic paradigm (*i.e.* as discussed earlier, syndromes) \[[@C21]\]. Yet, it could not have considered the new knowledge about disease aetiology that basic research has produced at the molecular level over the past 50 years. Clearly, it is at this level where drugs find their targets, and where genetic variation and epigenetic regulation contribute to the individual development and progression of disease \[[@C19], [@C20]\]. There is, therefore, a need to reform the taxonomy of human diseases in order to move towards personalised and precise medicine \[[@C22]--[@C24]\]. COPDs do not escape this debate.

The COPDs taxonomy we propose in the following is mostly based on clinical grounds and uses most of the disease-defining characteristics proposed by S[cadding]{.smallcaps} \[[@C5]\] ([figure 1](#F1){ref-type="fig"}). We readily acknowledge, however, that advances in our understanding of the pathobiological basis of COPD (*i.e.* endotypes) will eventually facilitate the identification and validation of biomarkers that may modify this classification and could help clinicians deliver a more personalised and precise therapy to different COPD patients \[[@C2], [@C25]--[@C27]\]. Although we provide guidance for therapy, we do not dwell on its details because it is beyond the intent of this review, using it only as support for the taxonomic change proposed here. We think this proposal will allow a more precise definition of the specific nature of a patient\'s problem (treatable traits \[[@C4]\]), thus providing a better delineation of the population to be included in observational and therapeutic trials, and importantly a more personalised approach to therapy.

![Proposed taxonomy of chronic obstructive pulmonary diseases (COPDs) using the principles of S[cadding]{.smallcaps} \[[@C5]\]. Different aetiologies can be responsible for the expression of COPDs with or without airflow limitation. See text for further details.](00132-2017.01){#F1}

Pre-COPD {#s3a}
--------

Some individuals complain of symptoms similar those of patients with COPDs (they can even "exacerbate") \[[@C9], [@C10], [@C28]\] and/or have CT evidence of abnormal lung structure (*e.g.* emphysema) \[[@C11], [@C12]\] in the absence of airflow limitation. Strictly speaking, therefore, these individuals do not fulfil the current diagnostic criteria of COPD \[[@C1]\], but, clearly, are not "healthy" subjects and actually manifest abnormal breathing mechanics during increased ventilatory demand \[[@C29]\]. Furthermore, over time, these individuals are at higher risk of developing abnormal airflow limitation, albeit, admittedly, not all of them do \[[@C30]\]. All in all, these observations have led to uncertainties about how to classify these individuals. To address these uncertainties, here we propose to take a page from other areas of medical taxonomy that have used the prefix "pre-" to identify states that are associated with an increased risk (not necessarily the certainty) of developing a disease and classify these individuals as "pre-COPD". The prefix "pre-" is derived from the Latin and means "prior to", "in advance of", "early", "beforehand" or "before" and it has already been used by other medical fields for a very long time to describe a diagnosis such as pre-diabetes \[[@C31]\] or pre-eclampsia \[[@C32]\], to name only a few well-established medical conditions. As is the case for these entities, the full-blown disease may not develop at all, especially if adequate preventive measures are taken, thus highlighting its public health relevance. In fact, this pre-COPD category was already acknowledged by the Global Initiative for Chronic Obstructive Lung Disease (GOLD) Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease in 2006 as GOLD 0 \[[@C33]\], although it was removed in later revisions of the document, mostly because of the realisation that not all GOLD 0 individuals eventually developed airflow limitation \[[@C1], [@C34]\]. Yet, because this concept may open new windows of opportunity for early intervention and prevention, we propose that the term "pre-COPDs" be used for individuals without persistent airflow limitation, but who complain of dyspnoea, cough and/or sputum production and have structural abnormalities (emphysema by CT scan).

Genetic COPD (COPDg) {#s3b}
--------------------

The causative relationship between one single gene defect (α~1~-antitrypsin) and the development of emphysema was first established by E[riksson]{.smallcaps} \[[@C35]\] back in 1965. This particular type of COPD characteristically affects younger individuals, involves primarily the development of emphysema in the lower lobes of the lungs, and may be associated with bronchiectasis, "asthma" and liver involvement. Importantly, it is underdiagnosed and can be treated with specific augmentation therapy, thereby justifying its own subgrouping \[[@C36]\]. Modern research has identified other genetic abnormalities that also increase the risk of developing chronic airflow limitation \[[@C37], [@C38]\], particularly in young populations \[[@C39]--[@C42]\]. A better understanding of the genetic basis of some patients with COPDg should enable the identification and validation of biomarkers that lead 1) to their correct classification and 2) to, eventually, novel targeted therapeutic alternatives \[[@C2], [@C43]\].

Cigarette smoking COPD (COPDc) {#s3c}
------------------------------

This is the most common and best studied type of all the COPDs. Characteristically, the anatomical lesion is that of varying degree of centrilobular emphysema and involvement of small and large airways \[[@C44]\]. A significant volume of basic and clinical research associates COPDc to an abnormal inflammatory response to the inhaled products of cigarette combustion \[[@C45]\]. However, most smokers respond to the inhalation of cigarettes with an inflammatory response and not all of them develop COPD, thus providing support for the existence of other mechanisms responsible for the development of COPDc. These mechanisms include: 1) an imbalance between proteases and antiproteases, whereby the former propagate the inflammatory response with destruction of the lung \[[@C46]\], 2) an abnormal immunological reaction that results in some degree of autoimmunity and destruction of elastin and lung parenchyma \[[@C47]\], and, finally, 3) uncontrolled autophagy \[[@C48]\], enhanced apoptosis \[[@C49]\] and/or defective catabasis that results in a process of accelerated ageing (*i.e.* accelerated decline of lung function with age) \[[@C50]\]. Ideally, these different biological mechanisms (or endotypes) should be identified by appropriately validated biomarkers that can help the clinician decide what would be the more appropriate therapeutic alternative for a given patient ([figure 2](#F2){ref-type="fig"}) \[[@C2]\].

![Specific therapeutic and prophylactic interventions to consider in different taxonomic groups of chronic obstructive pulmonary diseases (COPDs). Although separated for the predominant aetiology, some patients may have different mechanisms contributing to the final expression of the disease. AAT: α~1~-antitrypsin; ICS: inhaled corticosteroid.](00132-2017.02){#F2}

Biomass exposure COPD (COPDb) {#s3d}
-----------------------------

In well-conducted epidemiological studies, COPDb is the most important cause of COPDs in certain regions of developing countries \[[@C13], [@C51]\]. This is particularly relevant for the disease seen in females in these regions, where it can account for the majority of the cases diagnosed \[[@C13]\]. Supporting the concept that this represents a different and specific type of COPD is the fact that detailed studies of these patients show less emphysema and more airways involvement, as well as a more benign decline in lung function over time than patients with COPDc \[[@C52]--[@C54]\]. Recent data from studies that have implemented substitution of open flame biomass burning with ventilated cooking furnaces have shown a reduction of COPDb prevalence and symptoms \[[@C55]\]. Finally, we cannot discard the fact that many patients with COPDb live at high altitude (where they use biomass in closed environments as a source of heat) and may develop important cor pulmonale due to the associated hypoxaemia at high altitude \[[@C13]\].

COPD due to infections (COPDi) {#s3e}
------------------------------

As is the case of COPDb, most clinicians around the globe see nonsmoking subjects with persistent airflow limitation whose only known antecedent is that of previous lung infections. They may be that of repeated events during infancy, classically associated with respiratory syncytial and other viruses \[[@C56]\] or a well-documented history of (treated) tuberculosis, as has been repeatedly observed in certain parts of the world \[[@C13], [@C57]\]. The interaction between infectious processes and the resulting limitation to airflow is poorly defined, but it is likely due to abnormal repair processes that lead to fibrosis and distortion of the airways. There are very few studies that have addressed the therapeutic implications of COPDi. Most of what we know relates to the effect of antituberculous drugs on the disease itself rather than on its effect in modulating the repair process in the case of tuberculosis or the benefits that may accrue from the treatment of the infectious components of bronchiectasis when they are present \[[@C58]\]. Recent research, however, has clearly shown that the presence of bronchiectasis in patients with COPDs conveys a poor prognosis \[[@C59]\], supporting the need to address this type of COPD with more emphasis on the reasons for the progression of the disease.

Asthma and COPD (COPDa) {#s3f}
-----------------------

Whether asthma is a necessary component in the genesis of COPD has been a debatable issue for a long time \[[@C60], [@C61]\], but it is recognised that patients with severe, uncontrolled asthma can develop chronic airflow limitation without any of the other risk factors and, as such, represent a specific group of patients with COPD (COPDa) \[[@C62]\]. In addition to the presence of symptoms and poorly reversible obstruction, detailed physiological and pathological studies have documented the presence of varying degrees of loss of lung elastic recoil and emphysema in patients with COPDa \[[@C63], [@C64]\]. This asthma--COPD overlap has been the subject of intense recent interest \[[@C27], [@C65]\], but further studies need to be conducted in populations with COPDa because the advent of biologicals that are effective in selected cases of severe asthma may benefit these individuals \[[@C66]\].

COPD due to abnormal lung development (COPDd) {#s3g}
---------------------------------------------

Lungs are not fully developed at birth \[[@C67]\]; they continue to grow and mature, reaching a peak at 16--18 years in females and 20--25 years in males \[[@C68]\]. Many environmental (passive smoking, repeated infections and poor nutrition, among others) and genetic factors (most still unknown) can alter lung growth *in utero*, during infancy and during adolescence \[[@C69]\]. Recent research has shown that among adult patients fulfilling the diagnostic criteria of COPD \[[@C1]\], about half had a lung function trajectory through life that started from a normal peak lung function value in early adulthood followed by an enhanced rate of decline with age (*i.e.* they follow the traditional F[letcher]{.smallcaps} and P[eto]{.smallcaps} \[[@C70]\] model), whereas the other half started the journey from a lower peak lung function value in early adulthood and could be diagnosed with COPD without an enhanced rate of lung function decline \[[@C14]\]. It is entirely conceivable that these two trajectories identify different types of COPD (COPDs *versus* COPDd) that have different pathobiology (endotypes), prognosis and treatment requirements. We need to identify and validate biomarkers of these two forms of COPDs to develop novel therapies and/or repurpose existing therapies \[[@C43]\]. It is possible that cases attributed to asthma during childhood (COPDa) may relate to the fact that a child with lung developmental problems is likely to experience some form of respiratory symptoms (*e.g.* dyspnoea on exercise and wheezing) and be diagnosed with "asthma" if taken to a paediatrician \[[@C71]\].

COPD of unknown cause (COPDu) {#s3h}
-----------------------------

Well-conducted studies determining the prevalence of COPD have observed that a significant proportion of subjects with airflow limitation provide no associated factors that can be invoked as the cause of the abnormality and therefore would qualify as idiopathic (*i.e.* of unknown cause) \[[@C8]\]. This type of COPD remains poorly studied, but seems to have a better prognosis than those types mentioned earlier. The majority of the patients manifest a mild to moderate degree of airflow limitation and this tends to remain so over time \[[@C28]\]. This type of COPD may be the end result of several different factors capable of influencing its clinical expression, such as sex, occupational exposure, education, income as well as other as-yet undetermined epigenetic phenomena \[[@C7]\]. Likewise, it may represent the individuals who have a limitation in the growth phase of their lungs and develop COPD at a normal rate of the natural decline of lung function (COPDd), as discussed earlier, since only a minority of physicians ask about early-life events when seeing a COPD patient \[[@C72]\]. Given that we do not know the causative agent(s), thus negating the possibility of primary or secondary prevention, there is a need for studies specifically designed to address COPDu.

Conclusions {#s4}
===========

The concepts surrounding COPD have changed significantly from a quasi-orphan, unpreventable and untreatable disease when first described by Rene Laennec in 1821 \[[@C73]\] to one where research has opened windows to its pathogenesis, causative agents, clinical expressions and therapy. Supported by the knowledge acquired over decades, this review proposes to keep the now well-known and accepted term of COPD but, at the same time, recognises that it is an umbrella term that describes a clinical syndrome that includes several COPDs ([figure 1](#F1){ref-type="fig"}) which, importantly, may eventually benefit from different preventive and therapeutic strategies ([figure 2](#F2){ref-type="fig"}). We acknowledge that subjects may have multiple exposures, thereby making a specific taxonomic classification difficult. However, this is true for every known disease, and the grouping of patients into their most likely aetiological cause will facilitate studies designed to test therapeutic programmes and help clinicians understand the natural course and approaches to individual patients. We also recognise that this taxonomic proposal has to be specifically applied to the planning of studies aimed at better defining the pathobiological mechanisms involved in the genesis of the different groups and their therapy. For instance, we do not know if different COPDs may be associated with specific clinical presentations (phenotypes), such as the presence of chronic bronchitis, emphysema, exacerbations and/or comorbidities, to name only a few. Similarly, most of what we know today about COPD treatment is derived from studies centred almost exclusively on COPDc, yet these results have been extrapolated directly to other causes of COPD in the many guidelines that have been developed around the world. Some of these COPDs may be amenable to effective primary and secondary prevention \[[@C71]\], so we should all be hopeful that by applying them, we can decrease the important burden that this disease imposes on society. Finally, this taxonomic proposal is not definitive and, as stated, it is only a proposal. We expect to stimulate discussion and, if adopted, changes may be added as our knowledge about COPDs increases.
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